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Investigation of skin cathepsin E (EC 3.4.23.-) has been to-
tally ignored compared to skin cathepsin 0 (ED 3.4.23.5). In 
this study both cathepsins E and D were simultaneously puri-
fied to homogeneity up to 370 and 640 times, respectively, 
from 2-day - old rat epidermis. The total aspartic proteinase 
activity of rat epidermis detected after Q-Sepharose column 
chromatography was attributed to 27% cathepsin E, 63% 
cathepsin 0, and 10% other enzymes. The purified enzymes 
showed that cathepsin E (90 kOa) is a dimer of 45 kOa 
subunits whereas cathepsin 0 is a monomer of 42 kDa. Other 
biochemical properties of epidermal cathepsins E and 0 were 
similar to those reported from other tissue sources. Immuno-
Aspartic proteinases are classified as the fourth major class of proteolytic enzymes, distinct from the serine, cysteine, and metallo-proteinases. Among these en-zymes cathepsin D (EC 3.4.23.5) has been thoroughly studied in many vertebrates tissues [1 -6], as well as in 
invertebrates [7 - 10]. On the other hand, relatively little success has 
been achieved in the purification of cathepsin E (EC 3.4.23.-) [11 -
14] although the predicted sequence [15] and amino terminalstruc-
ture [1 6] of human and rat gastric cathepsin E, respectively , recently 
were reported. 
Sakai et al [17] utilized specific antibodies against cathepsins E and 
D to selectively quantify the enzyme activities in various rat tissues. 
Skin was identified as one of the tissues containing both cathepsins E 
and D. Cathepsin E from skin has neither been biochemically char-
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Abbreviations: 
CC: cornified cells 
Con A: concanavalin A 
DFP: diisopropyl phosphorofluoridate 
E-64: N-[N-(1-3-trans-carboxyoxirane-2-carbonyl)-L-leucyl]agma-
tine 
EDTA: ethylene diaminetetraacetic acid 
Ig: immunoglobulin 
PCMB: p-chloromercuribenzoate , 
50S-PAGE: sodium dodecylsulfate-polyacrylamide gel electro-
phoresis 
SGC: spinous and granular cells 
2-ME: 2-mercaptoethanol 
logically cathepsins E and D were distinct from each other 
and localization of the two enzymes differed in both rat and 
human skin by immunohistochemistry. Cathepsin E was dis-
tributed diffusely in the cytoplasm of almost all epidermal 
cells, though its concentration increased above suprabasal 
cells, whereas cathepsin 0 appeared in particulate form only 
in cells of the granular layer. The findings indicate that two 
aspartic proteinases that have similar enzymatic properties 
exist in the epidermis. They are, however, differentially dis-
tributed in the organ, presumably for different functions dur-
ing the process of keratinization. ] In vest Dermatol1 00:394-
399, 1993 
acterized nor its physiologic functions investigated, whereas cath-
epsin D was partially purified from whole rat ski n [1 8], shortly after 
its presence had been detected in rabbit skin [1 9,20] . Lazarus et al 
[21] reported that cathepsin D immunohistochemically localized in 
basal cells of human epidermis. Although the physiologic function 
of the enzyme in epidermis remains to be elucidated, in vitro studies 
have demonstrated that epidermal cathepsin D hydrolyzes histone 
H2A [22] and histidine-rich protein [23] . These results suggest that 
cathepsin D may play an active role in the cornification process. 
In this study we report simultaneous purification of cathepsins E 
and D from rat epidermis. The properties of the epidermal enzymes 
were biochemically and immunologically characterized and their 
localization in rat and human skin was immunohistochemically 
identified. 
MATERIALS AND METHODS 
Materials Two-day-old Sprague-Dawley strain rats were sacri-
ficed by cervical dislocation. The epidermis was separated from the 
dermis after immersing in NH4C l at 4 DC for 15 min [24]. Spinous 
and granular cells (SGC) and cornified cells (CC) were collected by 
step-wise scraping [25]. Pepstatin A, pepstatin A - agarose, and 
human hemoglobin (2 X crystallized) were purchased from Sigma. 
Sephadex G-100, Con A-Sepharose 4B, C NBr-activated Sephar-
ose 4B, and Q-Sepharose were obtained from Pharmacia LKB Bio-
technology. Horseradish peroxidase (goat anti-rabbit immunoglob-
ulin G [IgG]), nitrocellulose membrane, and prestained molecular 
markers for sodium dodecylsufate - polyacrylamide gel electropho-
resis (SDS-PAGE) came from Bio-Rad Laboratories. Other chemi-
cals were reagent grade. 
Enzyme Assay Cathepsins E and D activities were determined 
by a modification of the methods of Anson [26]. The reaction mix-
ture, which contained 250 ,ul 0.1 M sodium acetate buffer, pH 3.5, 
200,u1 2.5% hemoglobin solution (dialyzed against the same 
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Figure 1. Q-Sepharose column chromatography of rat epidermal ex-
tract. The column (2.8 X 9 cm) was equilibrated with 5 mM soclium 
phosphate b~ffer, pH 7.0, and 124.8 mg protei~ was app~~d. Elution was 
carried out with 0-0.4 M NaCi (-- ---) graclient In the equilibration buffer. 
Fractions of 4.5 ml were collected and those under the bars were pooled 
separately as cathepsins D and E. e, Absorbance at 280 nm; 0 , enzyme 
activity. 
buffer), and 50,u1 enzyme solution, was incubated at 37 °C for 30 
min, The reaction was stopped by adding 500,u1 of 10% ice-cold 
trichloroacetic acid solution, The mixture was allowed to stand for 
20 min and centrifuged, and the liberated peptides in the superna-
tant were measured by the method of Lowry et a/ [27] , One unit of 
enzyme activity is defined as the amount of enzyme that releases 1 
,umol of tyrosine per min. 
polyclonal Antibodies Antisera against cathepsins E and D 
were previously produced in rabbit by injecting purified rat spleen 
(A) 
E 
c: 
g 
N 
C;; 
<II , 
0 0 
c: N 
<0 
.0 (; (8) 
en 
.0 
<{ 
Cathepsin E 
.... 
I 
, on I 
0 M 0 M M ... 
I 
0 
on 
Ca thepsin 0 
H 
Retention time (min) 
I 
0 
<0 
Figure 2, High-pressure liquid chromatography gel filtration of cathep-
sin E (AJ and cathepsin D (BJ. Cathepsin E (0.35 mg) or cathepsin D 
(0.61 mg) were applied to column (0.75 X 60 cm) equilibrated with 
20 mM acetate buffer, pH 5.0, containing 0.2 M NaCI, and eluted with 
the same buffer. Proteins with hemoglobin-hydrolyzing activity appear-
ing at retention times of 33.5 and 44 min were collected as cathepsins E 
and D, respectively. 
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Figure 3, Immunoblot analysis of cathepsins E and D from rat skin 
extract. Crude extracts (10 mIl of CC and SGC were fraction ated by am-
monium sulfate (35 -75% saturation) and desalted on a Pharmacia PD-l 0 
column. After lyophilization, protein (20 J.lg) were subjected to SDS-
PAGE (10 - 20% graclient gel) followed by immunoblotting with (AJ anti-
cathepsin E serum and (BJ anti-cathepsin D serum. Lalle M, marker pro-
teins; lane 1, CC proteins; lane 2, SGC proteins. Arrowhead, cathepsins E 
(AJ and D (BJ detected. 
enzymes [6,11] . For W estern blot analysis the sera were used after 
a~propriate dilution wit~ 20 mM Tris-H C l buffer, pH 7.4, con-
taining 0.5 M NaCL For 1I11~l1unohistochemical study, IgG precipi-
tated from the antisera With (NH4hS0 4 was first purified by 
DE~-ceIIulose column chromatography, and then was purified by 
affilllty chro~l1atography uSing the antigen-coupled Sepharose 4B. 
The antibodies have been show n to cross react with a variety of rat 
tissues [17] . 
SDS-PAGE The method of Laemmli [28] using 12.5% or 10 -
20% gradient slab gel was uti lized with and without 3% 2-ME as a 
reducing agent. Prestained SDS-PAGE standards (Bio-Rad) were 
used to estimate molecular mass. 
Immunoblot Analys.is Proteins separated by SDS-PAGE in gel 
;",ere transferr~d to ~ IlItrocellulose membrane [29] . The proteins of 
Interest were Identified by testing with the respective rabbit anti-
bo?y, overlaid. by per~xldase-labeled goat anti-rabbit IgG, and 
stained [30] ;"'Ith KOlllca Immunostaining HRP Kit. Molecular 
mass was estimated from prestained SDS-PAGE standards (Bio-
Rad) blotted on the same membrane. 
Crude Extracts of Skin Enzyme Whole epidermis, SGC, CC, 
and dermiS were separately homogenized in tenfold volume of 
20 mM phosphate buffer, pH 7.0, using a glass homogenizer. The 
homogenates were centrifuged at 15,000 X g for 1 h, and superna-
tants collected were used as crude enzymes. 
Purification of Cathepsins E and D from Rat Epidermis 
Cath~psll1s E and D were extracted from whole epidermis and puri-
fied Simultaneously. The extract was dialyzed against 20 mM phos-
phate buffer, pH 7.0, and applied to a Q-Sepharose column (2.8 X 
9 cm) equilibrated with 5 mM sodium phosphate buffer, pH 7.0. 
A~ter washing the column with the buffer, the enzymes were eluted 
With a 0 - 0.4 M NaCI gradient in th e same buffer. Two peaks with 
hemoglobin hydrolyzing activity were pooled separately, and con-
centrated with YM-lO Diaflo membrane (Amicon) (Fig 1). By im-
munoblot analysis with monospecific antiserum, these two frac-
tions were found to contain either cathepsin E or cathepsin D; 
cathepsin D was eluted with 0.05 M NaC l, and cathepsin E with 
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Table I. Purification of Cathepsins E and D from Rat Epidermis 
Total Total Specific Purification Yield 
Purification Step Enzymes Protein (mg) Activity (U) Activity (U fmg) (fold) (%) 
Crude extract' Combined' 1683.2 32.50 0.0127 1 100 
Ammonium sulfate Combinedb 703.7 20.06 0.0286 2 62 
fractionation 
Q-Sepharose Cathepsin E 20.2 5.57 0.276 22 17 
Cathepsin D 15.8 13.10 0.829 65 40 
Sephadex G-100 Cathepsin E 5.10 5.40 1.06 84 16 
Cathepsin D 4.96 7.71 1.55 122 24 
Pepstatin A-agarose Cathepsin E 0.954 1.76 1.84 145 5 
Cathepsin D 0.924 4.88 5.29 416 15 
Con A-Sepharose 4B Cathepsin E 0.352 1.18 3.35 264 4 
Cathepsin D 0.608 3.90 6.41 505 12 
High-pressure liquid Cathepsin E 0.130 0.61 4.69 369 2 
chromatography Cathepsin D 0.144 1.22 8.47 667 4 
gel filtration 
• Sixty-one grams wet weight epidermis fro,m 531 rats was used. 
, In the first two steps activities of cathepsins E and D are combined, whereas in other steps activities of cathepsins E and D were separately measured. 
0.3 M NaCI. The enzymes were separately purified on a Sephadex 
G-100 column equilibrated with 20 mM sodium acetate buffer, pH 
5.0, containing 0.1 M NaCI, and eluted with the same buffer. 
Cathepsin E eluted around molecular mass of about 90 kDa and 
cathepsin D eluted around 45 kDa. Both enzymes were concen-
trated, dialyzed against 0.1 M sodium acetate buffer, pH 3.5, con-
taining 1 M NaCI, and separately applied to a pepstatin A-agarose 
column equilibrated with 0.1 M sodium acetate buffer, pH 3.5, 
containing 1 M NaCI. After washing the column with the same 
buffer, the enzymes were eluted with 0.1 M Tris-HCI buffer, pH 
8.6, containing 1 M NaCI. Active fractions were pooled, immedi-
ately adjusted to pH 7.0 with 0.1 M HCI, concentrated, and dia-
lyzed against 20 mM sodium phosphate buffer, pH 7.0, containing 
1 M NaCI. The enzymes were then applied to a Con A-Sepharose 
4B column equilibrated with 20 mM sodium phosphate buffer, pH 
7.0, containing 1 M NaCI. After washing the column with the same 
buffer, active fractions eluted with 0.2 M a-methyl-D-glycoside in 
the same buffer were pooled and concentrated. They were applied 
on a Bio-Sil TSK-125 column equilibrated with 20 mM acetate 
buffer, pH 5.0, containing 0.2 M NaCI, and eluted with the same 
buffer (Fig 2). The active fractions were used as purified enzymes. 
Protein concentration at this step and in other steps was determined 
by the method of Smith et af [31] with bovine serum albumin as a 
standard. 
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Figure 4. SDS-PAGE of purified cathepsins E and D. Purified enzymes 
were subjected to SDS-PAGE (12.5% gel) after denaturation at 100'C for 
3 min with 2-ME. The gels were stained with Coomassie brilliant blue R 
250. Latle M, marker proteins; lalle 1, cathepsin E; lalle 2, cathepsin D. 
Immunohistochemical Staining Rat and human skin were 
fixed in formalin for 24 h and embedded in paraffin. Sections (5 J1.m 
thick) were cut and stained with the affinity-purified rabbit anti-
cathepsin E or D IgG by a peroxidase/antiperoxidase procedure [32] 
and counter-stained with hematoxylin. Control sections were 
treated similarly except that specific rabbit antibodies were replaced 
by a non-immune rabbit IgG. 
RESULTS 
Detection ofCathepsins E and D in Rat Skin Extracts With 
immunoblot analysis anti - cathepsin E serum reacted with a protein 
of about 45 kDa in both CC and SGC extracts (Fig 3A), whereas 
anti-cathepsin D serum identified a protein of about 42 kDa in the 
same samples (Fig 3B). In contrast, no protein band was seen in the 
dermal extract by any of the antibodies (data not shown). Hemoglo-
bin hydrolyzing activity (mU /mg protein) detected in extracts of 
CC, SGC, and dermis before ammonium su lfate fractionation was 
calculated. The activity from SGC was 246 mU/mg protein, and 
about 4 and 15 times higher than that from CC (61.6 mU/mg 
protein) and the dermis (18.3 mU/mg protein). 
M I 2 I 2 kDa 
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Figure 5. Immunoblot analysis of purified cathepsins E and D. Cathep-
sin E with 2-ME (Iallc 1) and cathepsin D (Iotlc 2) were developed with 
anti-cathepsin E serum (A) and anti-cathepsin D serum (B). Latle M, 
marker proteins. 
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Figure 6. Estimation of the molecular masses of cathepsins E and 0 by 
50S-PAGE (A) and Sephadex G-100 gel filtration (B) . A) Purified en-
zyme (10 J.lg) was incubated in 1 % 50S with or without 3% 2-ME for 3 
min in boiling water. The samples were subjected to 50S-PAGE (12.5% 
gel) as described in Materials alld Methods. Marker proteins (0) used were 
prestained standards: 1, lysozyme (16 kOa); 2, soybean trypsin inhibitor 
(24 kOa); 3, carbonic anhydrase (33 kOa); 4, ovalbumin (47 kOa); 5, 
bovine serum albumin (84 kOa); 6, phosphorylase B (110 kDa). B) The 
enzymes after Con A-Sepharose column chromatography were applied 
to a Sephadex G-100 column (1.5 X 110 cm) equilibrated with 50 mM 
acetate buffer, pH 5.0, and eluted with the same buffer. Fractions 2 mI 
were collected. The marker proteins (0) used were 1, cytochrome C (12.5 
kOa); 2, soybean trypsin inhibitor (24 kOa); 3, ovalbumin (45 kOa); 4, 
bovine serum albumin (68 kOa); y-globulin (160 kOa). 
Purification of Cathepsins E and D Total hemoglobin hydro-
lyzing activity in the two peaks after Q-Sepharose column chrom~­
tography was 5.57 U in cathepsin E peak and 13.10 U in cathepsl11 
D peak. Additional 1.95 U was measured in two small peaks not 
enzymatically characterized. Increase in specific activity of cat~ep­
sin E and cathepsin D during the purification process is summanzed 
in Table I and the final products represented about 370-times and 
640-times purification, respectively, over the crude extract. Both 
cathepsins E and D were demonstrated as a single band of 45 kDa 
and 42 kDa, respectively, on SDS-PAGE with 2-ME stained with 
Coomassie brilliant blue (Fig 4). By immunoblot assay, each en-
zyme only reacted to the respective antibody and no cross reactivity 
was seen (Fig 5). 
Properties of Rat Epidermal Cathepsins E and D Molecular 
mass of cathepsin E was estimated to be 90 kDa by SDS-PAGE 
under conditions without 2-ME (Fig 6A) and by gel filtration on 
Sephadex G-l 00 (Fig 6B) in contrast to 45 kDa by SDS-PAGE with 
2-ME (Fig 6A), indicating that epidermal cathepsin E exists as a 
dimer. Cathepsin D, on the other hand, appeared as 42-kDa protein 
in all conditions (Fig 6A,B). The purified enzymes catalyzed hemo-
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Table II. Effects of Various Compounds on 
Cathepsins E and D Activities 
Cathepsin E' Cathepsin D' 
Compound Concentration Activity Activity 
Control 10mM 100' 100' 
NaCI lOmM 121 131 
MgCl2 10mM 92 98 
ZnCl2 10mM 89 102 
lAA 10mM 72 90 
PCMB 1 mM 71 93 
DFP 1 mM 97 99 
EOTA lOmM 74 94 
Pepstatin A 10- 3 mM 0 0 
Leupeptin 10-3 mM 98 94 
E-64 10- 3 mM 102 99 
Urea 3M 85 53 
• Each purified enzyme (0.2 Ilg) was pre-incubated with compounds at indicated 
con~~ntrations in 0.1 M sodium acetate buffer, pH 3.5, for 5 min at 37'C prior to 
addition o~ hemoglobm .. Stock solutions of DFP, pepstatin A, and E-64 were pre-
pared m dimethylsulfOlode, but diluted 100 times for use. 
• The remaining activities were determined at pH 3.5 under the conditions de-
scribed in the text. The activity without the compounds was taken as 100. Appropri-
ate controls for vehicles were included. 
globin hydrolys is; Km = 0.063% for cathepsin E and Km = 
0.071 % for cathepsin D were calculated. The pH optima for hydrol-
ysis of hemoglob!n bycat~epsin E was 3.0 whereas that of cathepsin 
D was 3.5. Heat l11actlvatlon of cathepsins E and D at 60 · c showed 
60% cathepsin E activity remained after 10 min, but more than 80% 
of the original activity of cathepsin D was lost. Effects of metal ions 
and inhibitors on the enzyme activities are summarized in Table II. 
Both activities were increased by N aCl, which did not activate 
spleen enzyme [6,11)' but other metal ions did not alter th e activi-
ti~s. Pep~tat.in A totally inhibited both activities. Cathepsin E was 
shghtly lI11ubited by IAA, p-chloromercuribenzoate (PCME), and 
ethylenediaminetetraacetic acid (EDT A) as reported for spleen en-
zyme [6,11], where.as they had no effects on cathepsin D. Cathepsin 
E was more stable 111 3 M urea than cathepsin D. 
Immunohistochemical Localization of Cathepsins E and 
D The two enzymes were detected in both rat and human skin. 
Antibody to cathepsin E showed a diffuse distribution in both rat 
Figure 7. lmmunohistochemical detection of cathepsin E. Paraffin sec-
tions of rat (A and B) and human (C and D) skin were reacted with 
affinity-purified rabbit anti-cathepsin E (A and C) or pre-immune rabbit-
IgG (B and D). They were stained by an irnmunoperoxidase method. 
Cathepsin E was detected diffusely in the epidennis of both rat and 
human. The staining seen over the nuclei and keratohyalin granules 
mostly resulted from post-stain with Mayer's hematoxylin ( ... ): der-
mal-epidermal junction. Bars, IOllm. 
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Figure 8. Immunohistochemical detection of cathepsin D. Paraffin sec-
tions of rat (A and B) and human skin (C). Cathepsin D was concentrated 
in granular cells (A-C). In addition, cathepsin D was detected in human 
epidermal melanocytes (C). Bar, 10 11m (A); 3.3 11m (B and C). 
and human epidermis and the staining was somewhat more intense 
in the spinous and granular cell layers than in basal cells (Fig 7 A-
D). High magnification revealed the staining to be cytoplasmic. 
Antibody reaction site to cathepsin D was seen in granular and 
cornified cells, whereas the reaction was minimal in other cell layers 
of the epidermis and dermis (Fig SA-e). With higher magnifica-
tion, localization of the positive reaction was detected as small gran-
ules that localiz'e around keratohyalin granules in granular cell, but 
the precise intracellular localization was not determined in this 
study. In the dermis, granules of mast cells and inner root sheath 
cells of hair follicles (data not shown) were positively stained. In the 
human skin there were positively stained cells at the dermal-epider-
mal junction and these cells were identified as melanocytes with 
higher magnification (Fig Se). 
DISCUSSION 
Cathepsins E and D, immunologically distinct from each other, 
were purified from epidermal extracts. Separation of the two en-
zymes from the crude extract was possible by Q-Sepharose column 
chromatography. Cathepsin E has a negative charge on the column 
at pH 7.0, higher than cathepsin D as ~reviously reported for the 
two enzymes separated from rat spleen [6,11], rabbit bone marrow 
[19], and rabbit skin homografts [20]. Percent of the enzyme activity 
obtained from this purification step was calculated to be 27% (cath-
epsin E) and 63% (cathepsin D) of total hemoglobin-hydrolyzing 
activity recovered from the Q-Sepharose column. The ratio of cath-
epsin E activity to cathepsin D is greater than that estimated by Sakai 
et 01 after immunoprecipitation of the enzymes from a crude extract 
of total rat skin [17]. The reason for this difference may be the tissue 
source; pure epidermis in the present study versus the whole skin in 
the study by Sakai et ai, suggesting that the epidermis may be a tissue 
rich in cathepsin E. Unlike spleen enzyme [11], epidermal cathepsin 
E activity was considerably reduced after the step using a pepstatin 
A-agarose column. Nevertheless, the step is absolutely required for 
achieving the purification of epidermal cathepsin E to electr()pho-
retic homogeneity. Elution profiles of the two enzymes on affinity 
chromatography of pepstatin A-agarose and Con A-Sepharose 4B 
were almost identical to each other, indicating that use of these steps 
without the initial anion exchange chromatography would not 
allow separation of cathepsin E from cathepsin D. In the past, our 
laboratory [23] has purified cathepsin D from rat skin by means of 
pepstatin A affinity column chromatography of epidermal extracts. 
That cathepsin D most likely was contaminated with cathepsin E. 
The molecular mass of cathepsin E was 45 kDa by SDS-PAGE 
under reducing conditions, and 90 kDa by gel fi ltration or SDS-
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PAGE under non-reducing conditions. These data suggest that in 
epidermis cathepsin E preferentially exists as a homodimer, as seen 
in cathepsin E from other sources [12,33,34] and the doublet of 41 
kDa and 42.5 kDa found for cathepsin E (slow moving proteinase) 
of human gastric mucosa [14] was not observed. In contrast, cathep-
sin D is a single polypeptide chain. The enzymatic properties (opti-
mum pH, heat-stability, effects of chemicals) of the cathepsins E 
and D were almost identical to those of other sources [11-13,20] 
and the epidermal enzymes cross react with antibodies raised in 
rabbit by respective rat spleen enzymes. 
Physiologic functions of cathepsin D include propeptide-process-
ing of cathepsins B, H, and L, lysosomal cysteine protease, in the 
course of intracellular transport from endoplasmic reticulum 
through Golgi complex to lysosomes [35-3S], although whether 
non-lysosomal enzyme cathepsin E has the same activity is un-
known. However cathepsin E has been reported to involve genera-
tion of other bioactive peptide, i.e., human endothelin [39], indicat-
ing that both cathepsins E and D involve in post-translational 
modification of protein molecules. 
The findings from immunohistochemical studies coincide with 
the results of Sakai et al [17], who reported that the distribution of 
cathepsins E and D are distinct from each other in rat tissues . In skin, 
cathepsin D localized in a granular form in more differentiated cells, 
whereas cathepsin E distributed diffusely in the cytoplasm of almost 
all epidermal cells, though its concentration increases more in the 
cells away from suprabasal cells. Compared to the epidermis, very 
little reactivity was seen in the dermis, excepting a strong reaction in 
the mast cell granules. The findings are consistent with the immun-
oblot study of crude extracts of the epidermis and dermis. The 
dermal extract showed almost no reaction, whereas the epidermal 
extracts from either terminally differentiated CC or less differen-
tiated SGC demonstrated the reactive enzymes. The tissue localiza-
tion, however, was considerably different from the results previ-
ously reported [21] using another antiserum. The reasons for the 
difference are unclear. Among the tissues studied by Sakai et al [17], 
the epidermal localization of the two enzymes mimics that in the 
urinary bladder epithelium. Because the cells in epidermis and blad-
der epithelium undergo differentiation in contrast to those in simple 
epithelium, the two enzymes may function according to the cell 
maturation stages. A natural question to ask is whether cathepsin D 
resides in lysosomes of granular cells, differentiated epidermal cells. 
Epidermal cells have been shown to contain lysosomes functionally 
linked to endocytosis by ultrastructural biochemistry [40]. How-
ever, the acid phosphatase-positive lysosome-like structure was 
found mostly in less differentiated (basal and lower spinous) cells; 
thus our findings of cathepsin D do not correspond to the structure 
described. Immunohistochemical studies at ultrastructural level are 
in progress to define the specific cellular sites in skin for both cath-
epsins E and D. 
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